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ondary  lows 

t i o n  ~ o n s i d e r a ~ ~ e  
i g h t ,  so t h a t  q u i t e  
p t  f o r  t h e  upp r and lower por- 

asurements  a6 v a r i o u s  
t h i s  assumption.  

r r i e d  out  w i t h  i r .  Compare 
ge t h a t  adequat l y  large dim 

o b j e c t s  can r e l a t i v  l y  e a s i l y  be 
more e a s i l y  taken ,  The 
, so t h a t  t h  a i r  was to 

borhood ofth 
sound e 



~ ~ ~ ~ ~ t a ~  Appar tus f o r  Slight Curv 

p p ~ ~ a t u s  just 
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wed o n t o  a f l a n g e  soldered t o  the wax$, t h e  measur ing  

s u r i n g  p o i n t  

C a s i n g ,  e ;  $ p r i ~ g ,  f; base, g . )  

For ~ e a s u ~ ~ ~ g  s t a t i c  and o v e r a l l  pr s s u r e  ~ i c r o m a n o m e t  
~ i t h  o b l i q u e  y placed m e  
t r o l  of t h e  mount of f l  

nd 5 show th e n t i r e  exp r i m e n t a l  i n s t  
t h e  f o r e g r o u  d t h e  s t r a i  h t e n e r  and th 

n ,  Fig 5 t h e  o t h e r  s i d e ,  w i t h  t h  
ng p o i n t s  and the f a s t e n i n g  of t h e  

of celarnps e 
. .I . .. . . .. . _________ 

a 1  i n s t a l l a t i o n ,  i n t a k e  and f 
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x p ~ r ~ ~ ~ n ~ a ~  i n s t  
chamber and measu 

2. The ~ ~ ~ s u r ~ n g  

rt 
ff 



e n e r a l ,  eac 
f f e r e n t  s p e  

between channel  
cross sect i o n )  

o l d s  factor R n ~ m a t i c  v i s c o s i t y ;  a,, 

c series on w i t h ,  because  a 
ts it was apparent t h a t  t h  

v a l u a t e d .  The 
was broken off  after a few p ~ ~ l ~ m i n a ~ y  n asurement s.  The 
s p e e d  Vm was d e t ~ r m ~ n e d  from t h e  p r e s s u r e  drop a t  t h e  i n t a k  

f i r s t  measu ere begun w i t h  ~ ~ t e r m ~ n a ~ i o n  
r a l l  p r e s s u r  
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w i t h  an ~ x a ~ t ~ t u ~ e  
had an o u t s i d e  

r ing  p o i n t  

- r fcmJ 

cross sect 
ries D ,  vm E 

15.95 m/sec. 
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3. C o r r e c t i o n  o f  t h e  S t a t i c a l  P r  

t h e  s t a t i c  p r e s s u r e  by means of a d i rec t ,  
e f o r  o b t a i n i n g  cor- 

s t r a i g h t  and run  par- 
is s y m m ~ t r i ~ a ~  a r  

er t h e  f low l i n e s  
i a l  speed  components are  p r e s  

i n  its first p a r t ;  t h u s  t h e  f low is n o t  s y m m  
bances occur i n  t 
cause here t h e  p r  
t h e  a d j a c e n t  wall. 

t o  no more t h a n  10 p e r c e n t .  
n s a t e  f o r  t h e  e r r o r s  by 
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1 G = f i + T ;  e v l  

I 

p $ = ~ ( G - f i ) .  t h u s  fo r  each p o i n t  
I 

T h i s  d i n t o  (I)  g i v  
I E* = ' ( G - f i ) .  

d r  r 

T h i s  is a l i n e  r d i f  f e a e n t  i a l  
e proven,  

(4) ~ P . - P ,  = ;:j(G - P I )  z r d r .  
I I4 

Thus i n  or p r e s s u r e  i t  is 
n e c e s s a r y  o n l y  t h  
d i s t r i b u t i o n  of t 

r w a l l  p i  and t h e  

own, and t h i s  is e s t a ~ l ~ s h e ~  a t e  accuracy  
a n s  of t h e  measuring,  The st Pa o b t a i n e d  
u t e r  wal l  s rves a s  a c h e e k .  
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t h a t  a t  t h e  be- 

l i ~ i n a ~ ~ n g  t h e  d i s t u r b i n g  p r e s s u r e  
t p r e s s u r e  drop a t  
of t h e  boundary l a y e r  

ly under t h e  ~ n f l u e n c e  of c e n t r i f u g a l  forc 
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~ r ~ s s u ~ ~ ~  being measured. 
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F i g  c 

p r e s s u r e s  r 
for t h e  fo l lowing  a n g l e s  a r  
d i s p l a c e d  lower by 1 kg/m2, 

1: 1) T o t  1 p r e s s u r e .  

t h a t  i n  t h e  l a t t e r  as w e l l  t h e  r e su l t s  appar  
i f u g a l  fore@ an w e ~ e  not  s i g n i f i c a n t 1  
f s e  i n  p r e s s u r e .  

l o w  Cond i t ions  

1 p r e s s u r e s  p l o t t  
cross sec t ion ,  ~n 

i n s  almost c o n s t a n t  w i t h  t h e  

n g l e s ,  t h a t  is, 
ts, t h e  t o t a l  p re s su r  
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a n o t h ~ r  20 e m  p a r a l l e l y  t o  t h e  motor axis. The t o t a l  p r e s -  
s u r e  c u r v e s  p r e s e n t  a somewhat d i f f e r e n t  p i c t u r e  from those 

e s t r o n g  c u r v a t u r e  (Series ig .  1 3 ) ,  Th 
is v e r y  s l i g h t l y  s t r o n g e r ;  o r d i n g l y ,  th 
d o e s  not remain  c o n s t a n t  b u t  i n c r e a s e s  up 

d i s a p p @ a r a n ~ e  of t h e  po t  t i a 1  f low after about 15 mm. A t  
t h e  o u t e r  wal l  t h e  bound y l a y e r  t h i c k n e s s  i n c r e a s e s  w i t h  

re r a p i d l y  t h a  

e v e l o e i t i e  
a n  a p p r e c i a  
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. Tota l  p r e s s u  
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9 and IO), which is also shown by the  changes  i n  
i t y ,  Toward the end of t h e  curved ~ h ~ ~ ~ e ~  the tran-  
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Velocity prof xperim~nt ser 

for v is y = o', The curves for the 

by 1 m/see, 

(strong curvature, one-meter entran 
annel). vm = 15.5 m/see. The seal  

ngles are always  isp place$ up 

that in Fig 17 n other respects, this profil bows almost 

ts present 
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n t i a l  
d v z  - e r --dr d v ,  
d v  

h e  m o m e n t  of the pr 
- r -drdp l ,  d$ 

i dfP 

3 .  The ~ ~ ~ u ~ ~ e  m o m e n t  of t 
direct ion 

d ( v 2 w v )  - e  --d;-drdpl, 

4, The m o m e n t  of t h e  t 53s 

' d ( r v 2 )  
I d r  - --- d r  d q .  

These four m o m e n  

h e  c o n t i n u  



(7) 

dv  r dG , d w  
d r  e v d r  Tdp,’ [ 

v + y - -  = -- 

0 

and r g ives  t 

or 

i 7t 



The d i ~ f e r e ~ t i a l  gu dG/dcp and d dr must be 
~ e t ~ r m ~ n e d  grap 

t h e  t a n ~ ~ n t i a  

v dw 
= p - + ?q) * 

which w i t h  v = k 

k z =  -2p-J 

t 
t prs- 

t i  = - a J ( r g  N + 
.- 

The w a l l  t 
another  way, 
e lement  of t h  

ic ang le ;  ro 
ts, Thus t h e  

er through t 
ow c o n s i d e r s  

moments one obtains.:  

The moment of t h e  @e 



one obtains 

On t h e  b a s i s  of t te 

I 
d r  = eworo. 

C" 
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ies to t h e  curve r, 

e surface of 

8 ne w r it es 

ty fac tor  is 
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urved f low t Y  

ound fo r  2 ,  € t 

The t a n g e n t i a l  stresses 2; c accord ing  t o  equa- 
a re  shown i n  Fig 

c u r v e s  for  180' were l e f t  ou re  t h e  ~ ~ ~ ~ ~ m i n a ~ i o ~  
of the d ~ ~ f e r e n t i a ~  q u o t i e n t  o unsure,  S i m i l a r l y  
t h e  rad ia l  v e l o c i t i e s  f o r  18 t r ~ p ~ ~ ~ t e d ,  so t h a t  

inexact ~ e t e ~ m i n ~ t i o n  of t h e  ~ e n t i o ~ ~ d  va lues .  

i n a c c u r a c i e s  of some size resul t ,  For  t h e  
stresses a t  0' large error t appea r  through 

t l y  on t h e  wal 
c a l  flow is a t  



For 

d v  v d w  
@ (z - r + +) 
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Fig. 26. ge paths in t series F 



F i g ,  a r i s o n  of xchange p a t h s  

[rtegend]: a)  ~ p e r i m e n t  serf 

curved s u r f a c e s  

9 = 3Qo a b o u t  .Q055,  or on y one  f o u r t h  of t h a t  found by 
t can  therefore very  w e  1 be assumed t h a t  t h e  r e l a -  
11 pressure r ise  is o d e c i s i v e  importance;  

moreover i n  e per iment  series a t  t h e  a n g l e  of y >30° n o  
of t h e  p r e s s u r e  r ise is appa ren t .  Thus  one is j u s -  
a s c r i b i n g  t h e  deve lopment of & ,  and t h e r e b y  t h e  

development of t h e  boundary a i n l y  t o  t h e  effect  of 
a t u r e ,  T h i s  a l s o  i k e l y  t h a t  in 
, a s  w e l l ,  i n  whic  e t  of t h e  pres 

cannot  be s e p a r a t e d  from t h a t  of c u r v a t u r e ,  t h e  changes found 
~ n g e n t i a l  stresses and t h e  appa ren t  v i s c o s i t y  m u s t  be  

t o  t h e  effect of t h e  c u r v a t u r e .  
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ermined,  s i n c e  t h e  d e n o ~ i n a t o ~  of 
r ]  becomes zero. t h e  i h n e r  boundary 

e r imen t  ser- 
is even 

t h e  ou te r  wa 
F were compar 

Values  for t h e  o u t e r  w a l l  w 
d boundary l a y  
d a work by Ha 

y t o  t h e  boun 
dnd t h e  r a t i o  

h e  c u r v e s  f 
le d e v i a t i o n  from those of t h e  s t r a i g h t  

wal l .  

p e r i m e n t s  were unde for t h e  purpos  
t h e r  e v e n t s  i n  t u r b  boundary l a y e r s  

by a c u r v a t u r e  in t h e  s u r  Of t h e  ~ x ~ e r i m e n t  
series Carrie o u t ,  series e i n n e r  and 
o u t e r  curved  urfaces  were of p o t e n t i a l  
f l o w ,  were i n  t h e  main w i t h ,  i n  pa 

ses produce 
nd t h e r e b y  
p a r e n t  k i ~ e ~ a t  ic 

s t h e  free path72 of t h e  t u r b u l e n t  ex- 
ed w i t h  i t ,  A comparison of t h e  .f c u r v e s  

w i t h  t h o s e  of a uced much h i g  
those f o r  t h e  s t r a i g h t  p l a t e .  

s u l t s  mporte 
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